We report here the first case of histologically documented coronary vessel involvement exclusively due to chronic graft-versus-host disease (GVHD) causing a sudden myocardial infarction. Chronic GVHD involving the coronary arteries, with histological support, has been reported once before but the cause could not exclusively be attributed to chronic GVHD since the patient had received total body irradiation and anthracyclines. 1 Chronic GVHD has been reported to affect the heart as pericardial effusion 2 or arrhythmias. 3 A 25-month-old male was diagnosed at 1 month of age with Wiskott-Aldrich Syndrome. At 4 months, he developed Pneumocystis carinii pneumonia. A bone marrow transplant using a female unrelated donor matched at A, B, and DR was performed. The donor and recipient were negative for CMV serology. The preparative regimen was busulphan 160 mg/m 2 /day p.o. divided q6 h from day -9 to -6, cyclophosphamide 50 mg/kg/day i.v. on days -5 through -3, and etoposide 500 mg/m 2 /day i.v. on days -5 through -3. Red cell-depleted marrow was infused at a dose of 6 Â 10 8 nucleated cells/kg on day 0. GVHD prophylaxis consisted of anti-thymocyte globulin 20 mg/kg i.v. on days À10, À9, þ 2, þ 4, þ 6, þ 8, þ 10, and þ 12, and a dose of 40 mg/kg on days -2 and -1. Cyclosporin was administered i.v. at 5 mg/kg/day divided q12 from day À2 to þ 4, and at 3 mg/kg/day divided q12 h thereafter. Prednisone was given at 10 mg/m 2 /day divided q8 h from day -2 to day þ 14 and then tapered. He engrafted on day þ 14, and on day þ 16 was diagnosed with acute GVHD (grade II skin and grade I gastrointestinal). He was treated with a pulse of methylprednisolone at 4 mg/kg/day with a rapid taper. On day þ 150, he was found to have worsening skin and responded to topical steroids. By day þ 200, lichenification of his hands, feet, nails, and oral mucosa and skin biopsy confirmed chronic GVHD and his prednisone and cyclosporin were increased. At approximately 1 year post BMT, episodic tachypnea and a resting sinus tachycardia were noted. A chest radiograph revealed nonspecific bilateral noninterstitial infiltrates and a high-resolution chest CT scan was normal with no evidence of bronchiolitis obliterans. Bronchoscopy was normal and symptoms resolved. Echocardiogram and electrocardiogram were both normal apart from a sinus tachycardia of 140 bpm. At 18.5 months post BMT, he received a routine monthly dose of intravenous immunoglobulin and in an attempt to wean his steroids, hydroxychloroquine was started at a dose of 6 mg/kg daily in addition to his current dose of cyclosporin (3 mg/kg daily), and prednisone at 0.3 mg/kg on alternate days. After 3 days, he developed severe respiratory distress in the early morning. Upon the arrival of emergency response services 10 min later, he was in full cardiac arrest and pronounced dead upon arrival to hospital.
Post-mortem examination revealed a grossly normal 2-year-old child with growth failure primarily of weight. No skin rashes were identified, but all nails were thickened and cloudy consistent with GVHD. The heart was enlarged weighing 86.5 g (expected 56 g). The pulmonary and mitral valves were dilated (4.5 and 6.0 cm), with the aortic and tricuspid valves slightly wider than expected (3.8 and 6.5 cm). The valves were structurally normal. There was no increased pericardial fluid. The inner half of the left ventricular myocardium was abnormally pale with mottling of the outer half of the wall. The coronary artery ostia appeared normal. On histological analysis, there was a rapid narrowing of the vessels with severe to near total obliteration of the coronary artery lumina over the first 1-2 cm of the left anterior descending, left circumflex, and right coronary arteries. Atherosis with a fibrous cap of newer connective tissue, and concentric cellular proliferation markedly narrowed the lumen of the left anterior descending coronary artery (Figure 1 ). There was a minimal increase in perivascular cells. The proximal circumflex and right coronary arteries revealed similar pathology. The smaller branches of the left anterior descending appeared normal. The left ventricle had variable endocardial sclerosis. The inner one half of the left ventricle myocardium was infarcted and had an infiltrate of inflammatory cells. The interventricular septum contained myocardial damage of two ages. Vacuolated myocytes and an infiltrate of polymorphonuclear leucocytes and mononuclear cells characterized older ischemic injury, while large foci of myocardial contraction band degeneration marked more recent injury. Sections through the posterior left ventricle showed endocardial sclerosis, myocardial fibrosis, and myocardial necrosis. Similar changes were seen in areas within the right ventricle. Biopsy material from the heart had insufficient cDNA to exclude Adenovirus by PCR.
The upper respiratory tract was normal. The lungs were normally inflated, but heavier than expected with generalized congestion posteriorly. Gross examination of kidneys, intestine, liver, and brain were unremarkable. Microscopic examination of the viscera identified additional patterns of vasculopathy. There was concentric thickening of intima and media of the small interstitial vessels of the thymus. Medium vessel disease in the hilum of kidneys, lungs and in a few vessels of the mesentery consisted of asymmetric intimal proliferation. Swabs from right lung and blood cultures provided no aerobic or anaerobic growth. Viral cultures of heart and lung tissue were negative.
Cardiac complications of BMT are not unusual 4, 5 and are primarily attributable to preparative radiotherapy, infection, arrhythmias, or pericardial disease. Both pericardial effusion 2 and arrhythmias 3 have been reported as secondary to chronic GVHD. There has been a previous case of coronary artery disease potentially related to chronic GVHD but the patient had exposure to total body irradiation and anthracycline. 1 The current reported case had none of these risk factors and the only explanation for the histological findings are that of GVHD. Since the previous case 1 involved the same pathologist (GT) as in this report, we established that they had identical histological appearance. These findings were identical to chronic graft rejection of a transplanted heart. Adenovirus is associated with severe coronary vasculopathy in paediatric cardiac transplant recipients, 6 but this patient had no evidence for adenovirus infection.
Post-mortem review of the current case revealed a previous myocardial infarct that was not identified by the 1 year post BMT EKG or clinical symptoms. The only clinical symptom present was that of a persistent tachycardia. Based on these findings, we recommend that coronary artery involvement be considered in patients who have persistent tachycardia or chest pain on exertion in the presence of extensive chronic GVHD. 
